 It is essential to remove 2,4-dichlorophenol (DCP) from solution. In this paper, wheat straw (WS) was modified by a cationic surfactant, cetyltrimethyl ammonium bromide (CTAB), to improve adsorption capacity for the removal of DCP from aqueous solutions in batch mode. Several experimental factors like initial pH, common salts concentration, contact time, solution temperature were evaluated. Solution pH within 4-9 was in favor of adsorption and common salts had slight effect on adsorption quantity. The adsorption capacity was up to 45.5 mg g -1 and the process was exothermic. Henry equation was better to fit the adsorption equilibrium data. DCP-loaded MWS can be regenerated by 0.1 mol L -1 NaOH. It was concluded that MWS may be good adsorbent to remove DCP from solution.
INTRODUCTION
Chlorophenols have been extensively used in the manufacture of pharmaceuticals, paint, insecticides, leather, fungicides, plastic and cosmetics and they are discharge to water body during synthesis and application [1] . Chlorophenols have been designated as priority pollutants due to ubiquitous features in environment and high toxicity even in trace amount. Furthermore, they are refractory pollutants. Various purification technologies have been reported to keep waters free form phenol and substituted phenols. Among these technologies, adsorption is an effective method for the removal of phenolic compounds because of economic feasibility and simple implementation [2] . Commercial activated carbon has been widely used in adsorption process as its vast surface area and great affinity for organic compounds. However, high cost of preparation and inevitable regeneration may restrict its applications in wastewater treatment. So attention has been focused on low-cost materials (such as agricultural byproducts) [3, 4] several problems, such as lower adsorption capacity for anionic pollutants or other organic pollutants. Therefore it is necessary and essential that these materials must be treated or modified before application in adsorption. Cationic surfactant was selected to modify agricultural byproduct to remove anionic ions or other pollutants [5] [6] [7] . But a few investigations have been reported using wheat straw modified by surfactants for removal of chlorophenols from solution. Wheat straw (WS) has an abundant source in north region of China and can be used as an adsorbent to remove heavy metals and dyes from water or wastewater [8] . But the capacity about anionic dyes or phenolic derivatives was very low. In our group, the surface of wheat straw was modified using one cationic surfactant (cetyltrimethyl ammonium bromide, CTAB) and the adsorption capacity towards anionic dyes was significantly enhanced from solution [9, 10] . The aim is to study the adsorption property of CTAB modified wheat straw towards DCP in batch mode. Adsorption kinetic and equilibrium was shown and adsorption models were applied.
MATERIALS AND METHODS

Materials.
The wheat straw was collected from Zhengzhou countryside. The material was first washed with tap water several times and washed with distilled water. It was dried (80 ℃), crushed and sieved to produce particles of 40-60 mesh. It was stored in a glass bottle and named as WS. The WS was treated as following procedures: Five grams of WS and 200 ml solution (1% CTAB solution) were added to one 500 ml conical flask and the mixtures were shaken by an orbital shaker with 100 rpm at room temperature (20 ℃) for 24 h. The modified wheat straw (MWS) was separated by centrifugation and washed with distilled water several times for removal of superficially retained CTAB. Finally, MWS was dried at 60 ℃ overnight and stored in an airtight glass bottle. Results of elemental analysis, FTIR analysis showed that CTAB had adsorbed onto surface of WS.
The DCP was purchased from Luoyang Chemical Corporation in China. Solutions of DCP were prepared to some desired concentration. The initial pH of the working solution was adjusted to the required value by addition of 1 mol L -1 HCl or NaOH solution before mixing with the adsorbents to study the effect of pH and the uptake pH was assumed constant during other experiments.
Methods. Adsorption experiments were carried out in a rotary shaker at 100 rpm using 50 ml shaking flasks containing 20 mL of desired DCP concentrations with 0.020 g of MWS. The experiments were carried out at 293, 303 and 313 K in a constant temperature shaker bath. After shaking the flasks for predetermined time intervals, the samples were withdrawn from the flask and then filtered. The left out concentration in the supernatant solution was analyzed using a Uv/Vis-3000 spectrophotometer at 285 nm. Each experiment was repeated three times and the results given were the average values.
The data obtained in batch studies was used to calculate DCP uptake quantity. The quantity of dye loaded onto unit weight of PAC (q t or q e , mg g -1 ) was obtained using the following expression:
where C 0 is the initial DCP concentration (mg L -1 ), C is the 4-CP concentration at any time t or equilibrium (mg L -1 ), V is the solution volume (L), and m is the mass of MWS (g).
To evaluate the reusability of MWS, the regeneration and re-adsorption of 4-CP studies were conducted for three consecutive cycles. Adsorption-desorption experiments were carried for the desorption solvent (20 mL 0.1 mol L -1 NaOH) to three cycles.
RESULTS AND DISCUSSIONS
Effect of solution pH on adsorption quantity The solution pH played a significant influence on the adsorptive uptake of DCP. The effect of solution pH was investigated between 2 and 12 and the results were displayed in Fig. 1 .
It was seen that the solution pH affected adsorption quantity (q e ). The values of q e changed little in the range pH value of 4.0-8.0 and adsorption quantity was to 24.2 mg g −1 . When the value of pH was from 8 to 12, the adsorption quantity decreased with some extent. This showed that it was not in favor of adsorption at basic condition. Hence, the optimum pH of 6.3 was used in further experiments. DCP exists prevailingly as the neutral species at pH 5-7 and there was nearly no electrostatic repulsion between the adsorbent and the adsorbate [7] . So DCP molecules were adsorbed to alkyl chains of MWS mainly via van Der waals forces and hydrogen bonding.
Effect of salt concentration on adsorption quantity There was commonly higher salt concentration in wastewater containing pollutants and effects of common salts are of some importance. Fig. 2 showed the effect of different NaCl concentration on the values of q e . From Fig. 2 , it was seen that values of q e changed little with the increase of salt concentration. This result implied that MWS can be used to remove DCP from practical effluents containing common salts. 
Effect of contact time on adsorption quantity The results of adsorption quantity (q t ) at different contact time (t) were observed in Fig. 3. From Fig. 3 , a two-stage kinetic behavior was evident: a rapid initial adsorption over 20 min, followed by a longer period of much slower uptake 60 min and gradual equilibrium (C 0 =100 mg L -1 , pH=6.0, t =5min) (pH=6.0, t =50 min)
Effect of time on adsorption quantity of DCP onto MW surface was also shown in Fig. 3 . There was little action of WS towards DCP and adsorption quantity was significantly enhanced through CTAB modification.
The effect of equilibrium DCP concentration on adsorption quantity The effect of the equilibrium concentration of DCP on adsorption quantity was shown in Fig. 4 (adsorption isotherm). As seen from Fig. 4 , equilibrium uptake increased with the increasing of DCP concentrations at the range of experimental concentration. It was also found that there was highest adsorption quantity at 293 K and it was not in favor of adsorption at higher temperature. So the system was exothermic process. The adsorption quantity was up to 45.5 mg g -1 at 293 K. It was also observed that the curve of q e to C e is trend to linear relation which showed there was distribution action of DCP between solution and solid MWS.
The equilibrium isotherm is significant to design and optimize the adsorption system. Henry equation and Freundlich model were used for the analysis of the MWS-DCP adsorption system. Two models are expressed in the following.
Henry equation [11] :
q e =A + BC e (2) Freundlich isotherm model [12] :
where A and B are linear constants of Henry equation while 1/n and K F are the Freundlich constants related to adsorption intensity of the adsorbent and the adsorption capacity.
The parameters of two models and determined coefficients were listed in Table  1 using nonlinear regressive analysis. 2 for both model, this implied that both models can be applied to fit the adsorption equilibrium process. The obtained values of 1/n F (0.1<1/n F <0.5) indicated a higher ability of DCP adsorbed onto MWS [12] . From Table 1 , parameters of A, B and K F decreased with the increase of temperature. It may be major distribution of DPC between water and MWP.
Regeneration of exhausted MWS. Regeneration of saturated adsorbent was essential to evaluate the reusability of the adsorbents [13, 14] . In this work, 0.1 mol L -1 NaOH solution as desorption agent was tested in batch system. Regeneration efficiency was 70.5, 68.7, 52.3 % during three adsorption-desorption cycles. This showed that adsorption quantity significantly decreased after regeneration.
SUMMARY
On the base of the study, the following results can be drawn: a. There is slight change of adsorption quantity at various salt concentrations. b. Henry equation can fit the equilibrium data of DCP onto MWS. c. The process was exothermic and spent MWS can be regenerated by 0.1 mol L -1 NaOH solution.
